Time perception is critical to animal behaviours requiring anticipation of future events based on present information about the environment. Most models of animal foraging assume that animals are capable of measuring absolute time despite evidence that animals measure time with predictable biases in mean and variance. We incorporate the evidence for a rate-biased subjective time perception into a classic model of optimal foraging, the marginal value theorem. If acceleration of the clock rate is proportional to food intake rate and time is perceived similarly when in transit between patches as it is while waiting in a patch following eating, organisms are predicted to follow the predictions of the marginal value theorem exactly. However, a nonlinear relationship between clock rate and food intake rate, unequal wait and transit time perception, or any lag in the clock predicts characteristic suboptimal behaviour. We discuss how this mechanism for suboptimal behaviour compares with others in the literature and how it can be recognized in experiments.
Time perception is critical to animal behaviours requiring anticipation of future events based on present information about the environment. Most models of animal foraging assume that animals are capable of measuring absolute time despite evidence that animals measure time with predictable biases in mean and variance. We incorporate the evidence for a rate-biased subjective time perception into a classic model of optimal foraging, the marginal value theorem. If acceleration of the clock rate is proportional to food intake rate and time is perceived similarly when in transit between patches as it is while waiting in a patch following eating, organisms are predicted to follow the predictions of the marginal value theorem exactly. However, a nonlinear relationship between clock rate and food intake rate, unequal wait and transit time perception, or any lag in the clock predicts characteristic suboptimal behaviour. We discuss how this mechanism for suboptimal behaviour compares with others in the literature and how it can be recognized in experiments. Many models of animal foraging assume that organisms are able to perceive the passage of time accurately. For example, models of either the optimal time or the optimal intake rate at which to leave a patch depend on the ability to measure time. The underlying assumption of absolute temporal perception is unquestioned in many models of animal foraging (Charnov 1976; Stephens & Krebs 1986; Adler & Kotar 1999) . However, some evidence suggests that animals are unable to measure temporal events objectively and that temporal perception is influenced by factors external to the animal (Roberts 1998; Shettleworth 1998). The present investigation aims to elucidate the consequences of rate-biased time perception for animal foraging by incorporating empirical observations of time perception into a classical optimal foraging model, the marginal value theorem (Charnov 1976) . Rate-maximizing foragers might be most confounded when the rate of food intake itself alters the perception of time (Killeen & Fetterman 1988; Bizo & White 1997) . Figure 1 presents the data of Bizo & White (1997) , where pacemaker rate is calculated by assuming that the behavioural state that correlates with a given behavioural response is the result of passage through sequential states at a rate governed by an internal Poisson process (for details on this calculation see Bizo & White 1995). The result in Fig. 1 typifies the large effect of food intake rate on behaviour. We interpret this as an effect on perceived time. We use the term pacemaker rate to describe a generalized behavioural response to food intake rate, without assuming any particular internal mechanism. That is to say, although we can predict the animal's behaviour by increasing the rate of an external clock, we do not assume the animal possesses such a clock.
Where this result applies to animals in the wild, feeding animals would tend to behave as if more time is passing than animals that are feeding less often (Killeen & Fetterman 1988; Fetterman & Killeen 1991; MacEwen & Killeen 1991; Raslear et al. 1992; Morgan et al. 1993; Bizo & White 1997; but see Bizo & White 1995) . For example, an animal that encounters an extremely rich patch relative to those in its past will experience a slowing of the flow of external events as its temporal assessment mechanism speeds up to match its rate of resource intake. As a consequence, the animal will perceive its food intake rate
